The beneficial effects of statins on cardiovascular mortality in secondary prevention have been established in several long-term, placebo-controlled trials. However, the value of statin therapy in reduction of overall mortality in patients without coronary heart disease (CHD) is questionable. This study evaluated the effect of statin therapy in subjects with no indication of cardiovascular disease (primary prevention) and patients with known CHD (secondary prevention).
T

HE BENEFICIAL EFFECTS ON
cardiovascular mortality of treatment with statins to decrease levels of lowdensity lipoprotein cholesterol (LDL-C) have been established in several long-term, placebo-controlled trials. [1] [2] [3] [4] Following these clinical findings, the National Cholesterol Education Program Adult Treatment Panel III has recommended setting LDL-C targets that depend on a patient's individual risk. 5 Primary prevention refers to efforts to modify risk factors or prevent their development with the aim of delaying or preventing the onset of coronary heart disease (CHD). A secondary prevention strategy is aimed at both control of risk factors and direct therapeutic protection of coronary arteries from recurrent CHD events leading to decreased coronary mortality in patients with established CHD. 6 The value of primary prevention with statin therapy in the reduction of overall mortality has recently been questioned. 7 Because clinical trials do not usually include individuals with multiple comorbid conditions or those receiving an extensive list of medications, there are considerable concerns regarding the applicability of findings from randomized clinical trials to the general population of patients seen in routine clinical practice. 8 A pooled analysis of 8 randomized trials in primary prevention populations showed that statins did not reduce overall mortality, indicating that lipidlowering therapy with statins should not be prescribed for true primary prevention in women of any age or in men older than 69 years. 7 In light of the controversy surrounding lipid-lowering treatment for reduction of mortality among primary prevention populations, we undertook the present study to evaluate the effect of statin therapy in a large and diverse cohort of patients treated for dyslipidemia in a single health maintenance organization.
METHODS
SOURCES OF DATA
The present retrospective cohort study was carried out at Maccabi Healthcare Services (MHS), a 1.7 million-enrollee health maintenance organization operating in Israel. All MHS enrollees may fill prescriptions at pharmacies throughout the country and pay a minimal copayment with each prescription (usually $3 per 30-day supply of medication). All data were obtained from MHS automated databases that have previously been described 9, 10 and were used to elicit information on all dispensed community prescriptions, hospital discharge data, and biochemistry results, using a unique 9-digit national identification number for each patient. The study was approved by the MHS institutional review board.
COHORT DEFINITION
The cohort included members who were continuously enrolled in the plan since at least 1995. New users of statins were identified among all MHS enrollees aged 18 years or older who, from January 1, 1998, to December 31, 2006 , had at least 1 dispensed prescription of a 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitor (eg, lovastatin, pravastatin sodium, or simvastatin). The date of the first purchased statin was defined as the index date. We selectively included patients who were enrolled in MHS and did not have a statin prescription for at least 3 years before the index date. Using a drug database search for any statin agent dispensed during the study period, we were able to assemble a cohort of 229 918 eligible patients.
PRIMARY PREVENTION AND SECONDARY PREVENTION COHORTS
The study assessed risk of mortality in 2 separate cohorts: (1) a primary prevention cohort of subjects with no indication of CHD or other cardiovascular disease, as evidenced by the absence of clinical diagnosis of cardiovascular disease at baseline, and (2) a secondary prevention cohort of patients with coronary artery disease who were identified from the MHS registry of cardiovascular diseases. This registry includes all patients with diagnosed cardiovascular diseases (eg, ischemic heart disease, congestive heart failure, peripheral vascular disease, cerebrovascular diseases, atrial fibrillation) that are classified according to the International Classification of Diseases, Ninth Revision codes, or patients with previous coronary artery bypass grafting or percutaneous coronary intervention classified with the use of relevant Current Procedural Terminology codes. Registry patients were routinely identified by a computerized search of personal medical record files, hospitalizations, medical procedures, laboratory tests, medications, signals, images, and reports from investigations.
PROPORTION OF DAYS COVERED
In accordance with previous studies, [11] [12] [13] we calculated the mean proportion of days covered (PDC) by dividing the quantity of statins dispensed by the total interval from index date to death, leaving MHS, or December 31, 2006, whichever occurred earlier.
STUDY OUTCOME
In Israel, mortality data are retrieved from the Israel National Population Registry, which maintains a registry of all citizens and permanent residents. Death records are routinely routed from the Israel National Population Registry to MHS via the National Insurance Institute (NII), usually within a month from the date of death, by means of a unique identification number, facilitating record linkage. Because the MHS public budget is determined by the NII on the basis of a capitation formula that takes into account the number of members, the data regarding deaths are closely supervised. However, we were unable to retrieve the underlying cause of death from death notifications.
DETERMINANTS OF ALL-CAUSE MORTALITY
Demographic variables at index date included baseline values of age, sex, marital status, place of residency, and nationality that were based on place of residency and self-reports to personal marketing questionnaires. The socioeconomic status (SES) was categorized into quintiles according to the poverty index of the member's enumeration area as defined by the 1995 national census. The poverty index is based on several factors, including household income, educational qualifications, crowding, material conditions, and car ownership.
14 Enrollees who were regularly paid an income support benefit by the NII, which is aimed at assisting individuals and families who are not capable of earning a basic minimum income for subsistence, were categorized into the lowest SES quintile. During the last 2 decades, Israel has absorbed approximately 1 million new immigrants, of whom 85% arrived from the former Soviet Union. To adjust for immigration status, we defined years of living in Israel as the period from the year of immigration to the index date. Native patients were categorized as having lived in Israel 20 years or longer.
Disability was determined according to the NII reports on members who are paid a monthly disability pension. Enrollees' electronic medical records were studied for a diagnosis of chronic conditions such as chronic obstructive pulmonary disease, chronic psychotic disease, morbid obesity, Alzheimer disease, and asthma. Patients with diabetes mellitus were identified by using the MHS computerized diabetes mellitus patient registry. 15 Information on cancer history was provided by the Israel National Cancer Registry, which has been continuously collecting information on diagnosed cancer cases from all medical institutions in Israel since 1960.
Information on health services utilization, such as the number of hospitalizations in general hospitals, visits to outpatient clinics, and filled prescriptions for antihypertensive drugs and diuretics, was based on data collected for the year before the index date. Laboratory test results included liver function tests and the median of all LDL-C tests during the year before the index date.
LIPID-LOWERING PHARMACOTHERAPY
On the basis of previous clinical trials and classification of statin therapy, [16] [17] [18] [19] initial statin therapy was categorized into 3 relative efficacy levels that were determined according to expected amounts of LDL-C reduction from baseline: (1) low efficacy (Յ30% LDL-C reduction): daily dose of fluvastatin sodium, 40 mg or less; pravastatin sodium, 40 mg or less; simvastatin, 10 mg or less; cerivastatin sodium, 0.2 mg; or lovastatin, 40 mg or less or 10 mg twice a day; (2) moderate efficacy (31%-40% LDL-C reduction): daily dose of fluvastatin sodium, 80 mg; cerivastatin sodium, 0.3 or 0.4 mg; rosuvastatin calcium, 10 mg or less; simvastatin, 20 mg or 40 mg; or atorvastatin calcium, 10 mg; or (3) high efficacy (Ն41% LDL-C reduction): simvastatin, 80 mg; atorvastatin calcium, 20 mg or more; rosuvastatin calcium, 10 mg or more; pravastatin sodium, 80 mg; or lovastatin, 80 mg.
STATISTICAL ANALYSIS
The 2 test for categorical variables and Kruskal-Wallis test for continuous variables were performed to determine significant differences in baseline characteristics and PDC between primary and secondary prevention cohorts. Cox proportional hazards regression with years of follow-up as the time scale was used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) 20 and to identify variables significantly associated with increased risk of death. Each participant was followed up from the first purchase of a statin until death, leaving MHS, discontinuation of the hypolipidemic treatment, or July 1, 2007, whichever occurred earlier. The maximum follow-up was therefore approximately 9.5 years. Analyses were carried out separately for primary and secondary prevention cohorts. The full multivariate model included the following baseline values: age at baseline (in 1-year categories), sex, marital status, nationality, SES, presence of chronic comorbidities, utilization of health services, LDL-C level, and efficacy of the initial statin therapy. Tests for trend of ordinal variables were based on the category's median values. Analyses were stratified by age categories, sex, baseline LDL-C levels, and efficacy of initial statin therapy. A 2 test was performed to assess heterogeneity.
RESULTS
The median number of health plan enrollees during the study period was more than 1.61 million, with those per- sons 18 years or older accounting for 66% of the population. After the inclusion and exclusion criteria were applied, a total of 93 866 individuals for the secondary prevention group and 136 052 individuals for the primary prevention group were identified as being newly treated with statin agents during the study period. The total study population constituted 21.6% of the MHS adult population. During the study period, 13 165 individuals (5.7%) died and 3745 (1.6%) left MHS. Baseline characteristics of both cohorts in the year before the index date are given in Table 1 . The mean age of these patients was 57.6 years and 50.8% were female. Patients in the secondary prevention group were more likely to be older (61.5 vs 54.8 years), male (55.7% vs 44.3%), have lived in Israel longer, and belong to the highest quintile of SES (22.7% vs 13.1%). In addition, they were more likely to use high-efficacy statin agents as initial therapy, to be hospitalized twice or more (7.1% vs 2.3%), to have a higher number of physician visits, and to have lower median LDL-C levels (154.8 vs 162.5 mg/dL) (to convert to millimoles per liter, multiply by 0.0259). Common comorbid conditions were hypertension, diabetes mellitus, and morbid obesity. In both cohorts, simvastatin was the most frequently used statin agent.
During the mean follow-up of 4.0 and 5.0 years, there were 4259 (7.8 per 1000 person-years) and 8906 (19.0 per 1000 person-years) deaths among subjects in the primary prevention and secondary prevention groups, respectively. Baseline medical characteristics that were associated with increased risk of mortality included diabetes mellitus, cancer, one or more chronic morbidities (among the primary prevention group), use of antihypertensive drugs or diuretics, hospitalizations during the Abbreviation: LDL-C, low-density lipoprotein cholesterol. SI conversion factor: To convert LDL-C to millimoles per liter, multiply by 0.0259. a Because of rounding, percentages may not sum to 100. b These patients did not undergo tests to determine LDL-C level in the year before the index date but had a known risk of death. c Or born in Israel. d Explained in the "Determinants of All-Cause Mortality" subsection of the "Methods" section. e Explained in the "Lipid-Lowering Pharmacotherapy" subsection of the "Methods" section.
year before the index date, and LDL-C levels of 190 mg/dL or higher (among the primary prevention group). Frequent visits to physicians during the year before the index date and higher statin efficacy were significantly (P Ͻ .001) associated with a mortality risk reduction. The HR associated with 10% PDC was 0.94 (95% CI, 0.93-0.95) and 0.93 (0.93-0.94) in the primary and secondary prevention cohorts, respectively ( Table 2) . In stratified analyses, the association between continuation of statin therapy (per 10% PDC) and risk reduction among the primary prevention cohort was stronger for patients aged 55 to 64 years (HR, 0.91; 95% CI, 0.89-0.93). Among the secondary prevention group, there was a significant trend (PϽ .01) toward greater reduction in mortality associated with younger age at baseline, reaching an HR of 0.86 (95% CI, 0.80-0.93) per 10% PDC for patients younger than 45 years (Figure 1) . In both cohorts, a stronger risk reduction was calculated among patients with baseline LDL-C levels of 190 mg/dL or higher and patients initially treated with high-efficacy statins.
After adjustment for age and sex, a PDC of 10% to less than 20% was associated with increased risk of mortality compared with patients with a PDC of less than 10% among both primary and secondary prevention cohorts. In higher levels of PDC, a significant negative association was calculated between PDC level and risk of mortality (Table 3) . Similar trends were observed after adjustment for baseline values of SES, marital status, nationality, number of years living in Israel, residence area, chronic conditions, number of hospitalizations and number of visits to primary care physicians during the year before the index date, cancer, diabetes mellitus, and use of antihypertensive drugs and diuretics during the year before the index date. To further evaluate potential confounding by cholesterol levels, we estimated cholesterol levels before statin treatment among participants, using statin type and dose-specific efficacy information; after adjustment for estimated prestatin LDL-C levels, a PDC of 90% or higher was still associated with a 45% and 51% lower mortality risk compared with a PDC of less than 10% among patients in the pri- mary prevention and secondary prevention groups, respectively (Table 3) . Medication may be discontinued when a patient becomes acutely ill and at a higher acute risk of death, which could bias results toward observed lower mortality with use of the medication. To further investigate the possibility of such potential bias, we also performed sensitivity analyses by excluding patients with less than 1 year of follow-up since the index date. When these exclusion criteria were applied, a PDC of 10% to less than 20% was no longer associated with an increased risk of mortality and fit with the overall trend. Compared with a PDC of less than 10%, a PDC of 90% or higher was associated with a fully adjusted HR of 0.42 (95% CI, 0.37-0.47) and 0.39 (0.36-0.42) among the primary prevention and secondary prevention cohorts, respectively. Similar results were calculated after exclusion of patients with less than 5 years of follow-up from the time of the initial dispensed statin (Figure 2) .
COMMENT
The present study demonstrates a strong and independent association between statin therapy and the improved survival of patients with and without known CHD. Our findings confirm that the benefits of statins extend to unselected patients in community settings. Higher con- Figure 1 . Proportional effects of continuation of statins on reduction in all-cause mortality per 10% proportion of days covered with statins in primary prevention (A) and secondary prevention (B) cohorts. Squares indicate weighted hazard ratios; horizontal lines, 95% confidence intervals. LDL-C indicates low-density lipoprotein cholesterol (to convert to millimoles per liter, multiply by 0.0259). Of the primary-prevention patients (A), 36 who had missing or uncertain data on vital status were omitted from the analysis shown. Seven patients who had missing data on statin efficacy (one of whom died) were also omitted. When combined with the 36 patients who had missing data regarding death, a total of 43 primary-prevention patients were missing information regarding statin efficacy. Of the secondary-prevention patients (B), 30 were missing data regarding statin efficacy and were omitted; 2 of these patients died.
tinuity of treatment and increased drug efficacy are associated with better survival among both primary prevention and secondary prevention cohorts. While previous analyses of data from randomized clinical trials provided evidence that statin therapy produces only a modest (12%) reduction in all-cause mortality 21 or no reduction at all, 7 the present and other observational studies 22, 23 indicate a 40% to 50% reduction in mortality after consistent statin therapy and an even more dramatic reduction among older 24 and hospitalized 25 patients. The discrepancy between observational studies and clinical trials is even more intriguing given the lack of adequate drug dose titration and poor continuity of statin treatment in community settings. 26 One possible explanation is that observational studies are usually conducted on unselected populations and may better capture the overall benefits of statins that may result from their anti-inflammatory, antithrombotic, or antiapoptotic effects as well as from their action on nitric oxide synthase, 27 which may potentially contribute to lower overall morbidity and improved survival.
The present historical prospective study is one of the largest undertaken to date on statin therapy in community settings with respect to follow-up period and size of study population. Previous investigations that compared statin users and nonusers may have introduced a "confounding by indication" due to differences in pretreatment characteristics between those who do and do not receive treatment because the risk of death or severe outcome is intrinsically higher in patients selected for treatment and because most treatments reduce, but do not remove, risks. 28 The current study sought to minimize this potentially serious confounding by using internal comparisons among patients who had at least 1 dispensed prescription of statins. Confounding by indication could have occurred if patients with a better prognosis had been more likely to be treated more intensively. Nonetheless, if residual confounding explained our results, then we could have expected the HRs to tend toward unity after multivariate adjustments, which was not the case in general. Furthermore, survivor treatment selection bias and competing medical issues, 2 potential problems with observational studies of treatment efficacy, 29 are also unlikely to affect our results because the protective effect of statins was apparent even when analyses were limited to patients with more than 5 years of follow-up.
Other study strengths include a prospective study design, the use of administrative databases to avoid the problem of differential recall bias, and the systematic and comprehensive collection of personal sociodemographic data, medical history, and utilization of health services before the index date, which reduces the possibility of bias due to study outcomes. As of 1973, only approximately 3% of deaths were not medically certified, with most of them out-of-hospital sudden deaths, suggesting high validity of the study outcome.
Nevertheless, some limitations of the study should be considered. Our analysis was retrospective, and allocation of statin therapy was not randomized. Despite adjustment for baseline differences and an abundance of poor prognostic factors, a higher PDC with statins could still be a surrogate for other unmeasured variables that reflect a higher quality of care and more aggressive treatment strategies. The evaluation of statin continuation in the present study was based on dispensing information, which is the most feasible method of estimating medication use in large populations. 30 However, it does not ensure that the drug is actually consumed, which thus may lead to a nondifferential information bias. However, in one study 31 that compared continuation of statin therapy across 12 months, there was only a small and insignificant difference between the assessed number of dispensed pills (82.3) and the actual pill count (78.7).
Previous clinical trials have indicated that in patients with chronic disease, good adherence to medication, and even to placebo, is strongly associated with a lower risk of mortality irrespective of assigned treatment, suggesting that adherent behavior is itself associated with outcome. 32 To investigate the potential effect of such adherence effect in the MHS, we performed similar analyses among 65 259 new users (mean age, 49 years; 22% men) of levothyroxine sodium, a synthetic hormone used in thyroid replacement therapy, where treatment discontinuation would not be expected to directly increase mortality. During the retrospective follow-up period (432 340 personyears) there were 5081 deaths. In a multivariate model (adjusted for age, sex, chronic diseases, and SES), the HR for all-cause mortality associated with 10% PDC with levothyroxine was 1.06 (95% CI, 1.05-1.07), suggesting no adherence effect among levothyroxine users in the MHS. To assess whether discontinuation of statin therapy may relate to serious side effects, we obtained data on abnormal liver function test results or elevated serum creatine phosphokinase levels that indicate serious myopathyrelated events. During the study follow-up period, there was little difference in the proportion of patients with creatine phosphokinase levels of more than 10 times the upper normal limit among patients with a statin PDC of less than 10% (0.3%) compared with patients with a statin PDC of more than 90% (0.4%). Similarly, only small differences were observed in the proportion of patients with at least 1 measurement of serum alanine aminotransferase level more than 2.5 times the upper normal limit among patients with a statin PDC of less than 10% (6.8%) compared with patients with a statin PDC of more than 90% (5.6%).
In conclusion, this study showed that continuation of statin treatment provided an ongoing reduction in allcause mortality for up to 9.5 years among patients with and without a history of CHD. The observed benefits from statins were greater than expected from randomized clinical trials, emphasizing the importance of promoting statin therapy and increasing its continuation over time for both primary and secondary prevention. 
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